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Abstract. The aim of the research conducted in this paper is to test the possibility of utilizing poultry
manure biocomposted by Hermetia illucens L. fly larvae as an organic fertilizer. Microclimate conditions
necessary for a normal biological cycle of the species were ensured for obtaining the larvae. Flies were
obtained from initial pupae, which, after mating, oviposited directly on the laying hen manure substrate,
where the larvae hatched and started the substrate processing. Larval processing and pupal migration
took place in 37 days, resulting in insect biomass and biocompost. Larval biocomposted manure from
laying hens was used for testing its fertilizing ability. Three proportions of soil incorporation for manure
were formulated for capsicum growth and development. Three experimental lots were established: M
(without organic fertilized soil), L; (soil with 10% biocompost) and L, (soil with 15% organic fertilizer).
The capsicum seeds were initially set to germinate, following with the planting in the growth substrate
specific to each established lot. To determine the plant growth evolution, measurements were taken
every three days and gross values for statistical processing and comparison were recorded. The
experiment results show that the plants from the soil with 10% biocompost inclusion had the best growth
in the observed period (21 days). In conclusion, the fly larvae (Diptera) provide an efficient solution in
poultry manure management. Their ability to digest and retain nutrients convert poultry manure in larval
biomass and into an ideal fertilizer for agricultural lands.
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Introduction. Globally, the human population is experiencing an accelerated growth that
leads to increased food demand (Cribb 2010; Dar & Gowda 2013). Over the next 50
years, the world population is estimated to reach more than 9 billion people (DESA 2015)
and at the same average annual temperatures are expected to increase due to climate
change (Intergovernmental Panel on Climate Change 2007). It is expected that feeding
the population will become a challenge that could be solved by increasing agricultural
productions by more than 70% by 2050 (Bruinsma 2009; FAO 2017; EUROSTAT 2018).
This requirement could be achieved by increasing the profitability and efficiency in food
production, with minimal environmental consequences (Van den Berg et al 2013;
Uushona 2015).

In the short term, crop plants used in animal feeds or human consumption is
expected to have a negative impact on the environment. The use of fertilizers for
increasing plant production influences water and air quality, particularly contributing to
soil and ecosystem degradation, with direct implications for biodiversity (Tomberlin et al
2015). On the other hand, animal proteins have a biological value superior to those of
vegetable origin (Tacon & Metian 2008) and meat production implies a high degree of
livestock farm intensification and the production of high manure quantities (EUROSTAT
2018). Globally, agricultural investments in improving land, water and soil nutrients use
are necessary in order to counteract these negative effects (Dar & Gowda 2013; Uushona
2015), as well as finding new protein sources (Kobayashi et al 2013). According to
Veldkamp et al (2012), insect rearing under controlled conditions might prove to be an
advantageous solution for obtaining animal protein alternative sources. Insects convert
residual proteins from manure and other organic waste into high-quality protein biomass
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(Newton et al 2005a, b; Sanchez-Muros et al 2014), thus contributing to the natural
recycling of nutrients, subsequently becoming food for many animal species (Surendra et
al 2016). During the bioconversion process, the manure mass is reduced by
approximately 50% and the decrease of N and P proportion is also notable (Tomberlin et
al 2015; Newton et al 2005; Makkar et al 2014). The resulting material can be used as
fertilizer on agricultural lands (Salomone et al 2017). Considerable scientific research is
carried out for a better understanding and exploitation activities regarding the
management of animal manure and vegetal waste with the help of insect larvae (van
Zanten et al 2015).

One of the insect species that is currently being studied is the black soldier fly
Hermetia illucens (Linnaeus, 1758), which belongs to the Diptera order, Stratiomyidae
family (Makkar et al 2014; Park 2016). Originally from the tropical, subtropical and
temperate regions of the American continent, the species is currently spread worldwide
(Martinez-Sanchez et al 2011). It is of great interest for scientists and farmers due to the
larvae's ability to digest a wide range of organic material that is converted in valuable
larval biomass (Diener et al 2011; Newton et al 2005) and into an ideal fertilizer for
agricultural purposes (Newton et al 2005a, b; Tomberlin et al 2015). The biological
capacity of the larvae to convert organic waste (van Huis 2013; Makkar et al 2014;
Manurung et al 2016) in compost can be exploited using it as an organic fertilizer in
agriculture. Some research highlighted this alternative for obtaining organic fertilizer,
whilst trying to demonstrate the positive effect on plant growth by soil administration
(Choi et al 2009; Rosmiati et al 2017; Xiao et al 2018).

Black soldier fly larvae bioconversion of manure from laying hens was studied
through the experiments carried out in this paper. The fertilizing ability of the resulted
biocompost was tested by utilizing it for capsicum (Capsicum annuum) growth, in a
controlled enviroment. The optimal incorporation ratio of biocompost in soil was
researched and established.

Material and Method. The research was conducted in the laboratory of Ecology and
Environmental Protection of the Animal Science and Biotechnologies Faculty, UASVM Cluj-
Napoca, from October 2017 to March 2018. The experiments were carried out in two
stages, as follows:

- poultry manure bioconversion: black soldier fly larvae were used to achieve this
goal.The experimental biobase (Figure 1) provided necessary microclimate conditions
(22-28°C temperature, 40-60% humidity, 10 hours of light/day) for the biological life
cycle of the species. Laying hens manure (LM) from the didactic farm of the Animal
Science and Biotechnologies Faculty, UASVM Cluj-Napoca;

- testing the fertilizing ability of poultry manure biocompost. The material resulted
by larval digestion of laying hen manure (LMBC) was naturally dried and grinded (Figure
2) in order to be homogenized with soil. The soil was collected from the horticultural area
of UASVM Cluj-Napoca. The soil fraction was also dried and grinded to fine powder.

Soil and LMBC were used in varying proportions for capsicum plant growth and
development (Table 1). Only soil was used in the preparation of the control lot (M) and
two experimental lots were formed by homogeneously incorporating LMBC in sail, in a
ratio of 10% (L,) and 15% (L,). Fifty (50) g of sample was weighed (Denver Instrument
electronic analytical weighing scale) from each formed batch and introduced into special
mini-greenhouse plant growing devices, consisting of alveolar trays (50 cells/tray)
(Figure 3a). Capsicum seeds were purchased from a specialized commercial unit. Seeds
have undergone germination (3-5 days at 15°C) to eliminate those that do not meet
planting requirements. Each substrate from the growth cells was seeded with one
germinated seed (Figure 3b). The growth devices were placed on a multi-rack shelving,
where artificial light was provided (Figure 3c). Air humidity was 60% and a constant
temperature of 24°C was maintained. Measurements were taken (gradient in cm) for
each plant (Figure 3d) every three days after planting and length development was
followed over a period of 21 days.

Raw data has been statistically processed (Office Excel) and the differences test
was used between two means (test t, p < 0.05).
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Figure 2. Composted laying hen manure (after drying and grinding).

Table 1
Experimental lots presentation depending on utilized substrate
L Soil LMBC
Specification
P % Mass (g) % Mass (@)
M 100 7.500 - -
Ly 90 6.750 10 750
L, 85 6.375 15 1.125

LMBC = compost resulted after larval digestion of laying hen manure; M = 100% Soil; L; = soil + 10% LMBC; L,
= soil+ 15% LMBC.
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Figure 3. Preparing the experiment for LMBC testing in capsicum development (original).

Results and Discussion. The biological cycle of the reared black soldier fly covered all
the development stages. By providing optimal microclimate conditions, adult flies hatched
in from initial pupae and mated. The females oviposited directly on the LM substrate.
After hatching, the larvae started to feed and the LM substrate was consequently
subjected to digestion, thus beginning the bioconversion process. The substrate
bioconversion (biocomposting) period is considered to be the larvae growth and
development period until the prepupal stage, when it ceases to feed and it migrates
(Barros-Cordeiro et al 2014; Oliveira et al 2015).

The larva feeding and migration stage represented, in fact, the period of LM
bioconversion in biomass and LMBC. Regarding the H. illucens processing period,
experiments conducted by other authors showed that it differs depending on the
substrate used, but it also depends on environmental parameters (Tomberlin et al 2002;
Hardouin & Mahoux 2003; Oliveira et al 2015). Data published by Newton et al (2005a,
b) and van Huis (2013) display a 14-day period for swine manure processing, Oonincx et
al (2015) and Li et al (2011) obtained a 30-day period for cattle manure, while Dortmans
et al (2017) and Xiao et al (2018) indicate a 24-day period for converting poultry manure
to organic fertilizer.
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In this context, our results regarding H. illucens larvae development in laying hen
manure (Table 2) point to a period of approximately 37 days for manure bioconversion,
resulting in insect biomass and composted organic material.

Table 2
Stages of development in Hermetia illucens starting from the pupa stage
Development stage No. of days
Pupae hatching and imago appearance 9
Fly mating and oviposition 7
Larval feeding and prepupae migration 37

The different types of organic waste (cattle or poultry manure, vegetal waste)
bioconversion biological ability of the black soldier fly is a topic of interest for many
researchers. In experiments, the resulted biocompost was used to replace commercial
fertilizers currently applied to different plant cultures. The results showed that plant
species sown on soil with different ratios of biocompost presented a better growth rate
when compared to the control group (soil and commercial fertilizer). Using the
parameters of plant growth rates, the nutrient availability of the biocompost was
monitored comparatively to that provided by the commercial fertilizer. The relatively
small differences in chemical composition (Choi et al 2009) proved that commercial
fertilizer can be successfully replaced with fertilizer obtained by manure larval compost
(Rosmiati et al 2017), being also recommended as a sustainable organic fertilizer (Xiao et
al 2018).

Regarding the capsicum plants growth under LMBC usage conditions, our results
reveal different values of the average plant height, over the 21-day period (Table 3). At
the first determination, the control group plants recorded the best growth, but
differences (p < 0.001) were observed only between M and L,. At the second
measurement it was observed that the best growth mean is correspondent to the L,
experimental lot plants. Next, each measurement shows differences among the plants
from the three lots. Even if no significant differences (p > 0.05) exist between the control
group and experimental lot L,, it can be said that higher mean values were obtained by
plants grown on soil with 10% biocompost, for all measurements. On the other hand,
significant differences (p < 0.001) were recorded for all seven measurement sessions
between the control group and experimental lot L,, in favor of the first one. The same
statistical differences (p < 0.001) occur throughout the monitored period between the two
experimental lots, in favor of L; plants.

At the end of the studied growth period, the preferences of the capsicum plants
seem to be directed to the soil with 10% LMBC, followed by the soil which lacks LMBC. In
the case of plants growing on soil with 15% fertilizer, the growth proves to be the least
efficient, because the mean values obtained at all measurements were the lowest. It can
be argued that the development of capsicum plants according to the applied growth
substrate indicates their preference to the soil in which 10% LMBC is incorporated.
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Table 3
Capsicum plants mean height values and recorded differences when using different LMBC

ratios in soil
Measurement Treatment Mean#SD (cm) T Stat(IjStICS 5
Day 3 M 1.0140.1 2.33 0.38 p <0.05
Ly 0.63£0.12 6.51 0.92 p < 0.001
L, 0.09+0.09 5.63 0.54 p < 0.001
Day 6 M 1.36+0.19 0.19 0.03 p > 0.05
Ly 1.39+0.17 5.98 1.05 p < 0.001
L, 0.31+0.12 8.91 1.08 p < 0.001
Day 9 M 1.62+0.21 0.89 0.19 p > 0.05
L, 1.81+0.22 5.76 1.17 p < 0.001
L, 0.45+0.14 9.44 1.36 p < 0.001
Day 12 M 1.77+0.25 1.00 0.24 p > 0.05
L, 2.01+0.24 5.53 1.28 p < 0.001
L, 0.49+0.16 9.55 1.52 p < 0.001
Day 15 M 2.03+0.27 1.00 0.27 p > 0.05
L, 2.30+0.29 5.95 1.51 p < 0.001
L, 0.52+0.18 10.04 1.78 p < 0.001
Day 18 M 2.07+0.28 1.07 0.31 p > 0.05
L, 2.38+0.29 5.97 1.58 p < 0.001
L, 0.49+0.18 10.45 1.89 p <0.001
Day 21 M 2.11+0.29 1.21 0.35 p > 0.05
L, 2.46+0.31 5.93 1.62 p < 0.001
L, 0.49+0.18 10.65 1.97 p < 0.001

Conclusions. A substrate that can be used as an organic fertilizer can be obtained by
larval composting of poultry manure. Another result is the insect biomass, which can be
used as an alternative protein source in different farm species feeds (swine, poultry,
fish), depending on the harvest stage. It can also be directed towards biodiesel fuel
production. Concluding, an accelerated bioconversion of manure from poultry farms can
be obtained by using Hermetia illucens L. larvae. Both the composting period and the
environment negative impacts are notably reduced, another advantage being the partial
recovery of undigested protein nitrogen from manure. Following larval digestion, the
resulted biocompost can be used as a horticultural and agricultural fertilizer. The use of
larval biocomposted laying hen manure as an organic fertilizer requires more tests and
analyzes.
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